INTRODUCTION
Rheumatoid arthritis (RA) is a chronic disease that causes inflammation mainly in the synovium and produces destruction and deformity of the joints. The etiology of RA remains unclear, but it is known to be associated with genetic and environmental factors.
cal Center between November 2007 and January 2008, and who fulfilled the American College of Rheumatology (ACR) 1987 revised criteria for the classification of RA. 17 Forty age-and sex-matched healthy adults without any evidence of chronic inflammatory disease served as the controls. This study was approved by Ethics Committee of our institute, and all study subjects provided their signed informed consent.
At baseline, we calculated the 28-joint disease activity score (DAS28) using the number of joints with tenderness or swelling and the erythrocyte sedimentation rate (ESR), 18 and we measured the severity of pain reported by each patient using the pain visual analogue scale (VAS). 19 Based on the DAS28, the patients were subdivided into four groups as follows: remission (DAS28 ≤ 2.6), mild (2.6 < DAS28 ≤ 3.2), moderate (3.2 < DAS28 ≤ 5.1) and severe (5.1 < DAS28). 20 In patients whose DAS28 exceeded 5.1, a follow-up assessment of DAS28 and blood sampling were conducted to examine whether the serum levels of cytokines were correlated with disease activity.
At the time of clinical assessment for disease activity, blood samples were collected for the measurement of levels of C-reactive protein (CRP) and IL-6 family cytokines.
Measurement of IL-6, IL-11 and LIF levels
Serum samples were collected intravenously and stored in -20°C after centrifugation (2,500×g for 10 minutes at 4°C) until analysis.
The serum concentration of IL-6 was measured using a commercial enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems Inc., Minneapolis, MN, USA). One hundred microliters each of serum sample and assay diluent were placed in each well of a 96-well plate coated with a monoclonal mouse IgG against IL-6. This mixture was incubated for two hours at room temperature, and each well was aspirated and washed four times with wash buffer. Subsequently, 200 μL of conjugate solution was placed into each well and the reaction was performed for four hours at room temperature. Again, each well was washed four times with wash buffer. Following this, 200 μL of substrate solution, which was prepared with equal amounts of stabilized hydrogen peroxide (H 2 O 2 ) and tetramethylbenzidine, was added for a 20-minute reaction under dark conditions. The reaction was quenched by the addition of 50 μL stop solution (2N H 2 SO 4 ). Within 30 minutes, the optical density was measured at a wavelength of 450 nm using the Spectra Max 340 (Molecular Device Co., Sunnyvale, CA, USA).
Various proinflammatory cytokines, such as tumor necrotic factor (TNF)-α, interleukin (IL)-1β, interferon (IFN)-γ, and IL-6, are increased in the synovial tissue or synovial fluid of patients with RA. 2, 3 Increased levels of proinflammatory cytokines lead to the proliferation of synovial tissue, and thereby cause damage in the articular cartilage and bone destruction in the adjacent area. 4, 5 In particular, IL-6 is a cytokine with various functions. When IL-6 is activated, acute inflammatory responses such as fever or anemia are induced. IL-6 promotes the proliferation of B cells and thus is involved in the production of the rheumatoid factor. 6 Recently, RA has been observed to be associated with high levels of IL-6 in the synovial membrane and serum. 7, 8 This led to the speculation that IL-6 plays a pathogenic role in RA. Recently, an IL-6 receptor antagonist, tocilizumab, was developed and showed clinical efficacy in the treatment of RA. [9] [10] [11] IL-6 family cytokines consist of IL-6, IL-11, leukemia inhibitory factor (LIF), oncostatin M, ciliary neurotrophic factor (CNTF), and cardiotrophin-1 (CP-1). Recent studies suggest that some of the IL-6 family cytokines such as IL-6, IL-11, and LIF could be related with RA. IL-6 family cytokines such as IL-11 and LIF share glycoprotein 130 as a receptor for signal transduction, which promotes the secretion of acute reactive proteins. 12 Previous studies have shown that IL-6 family cytokines were detected at high concentrations in the synovial membrane and synovial fluid of patients with RA, suggesting a role in the pathogenesis of RA. However, there is a debate on whether serum levels of IL-6 family cytokines are positively correlated with RA disease activity. [13] [14] [15] [16] In the current study, we sought to examine whether serum levels of IL-6 family cytokines are increased in patients with RA and whether the increased levels are significantly correlated with RA disease activity. We compared the serum concentrations of IL-6 family cytokines in patients with RA and those in normal controls and then investigated the correlation between serum levels of IL-6 family cytokines and the clinical parameters that indicate the disease activity of RA.
MATERIALS AND METHODS

Subjects and clinical assessment
This study was conducted in 40 patients who had visited the Division of Rheumatology at Yonsei University Medi-the RA patients were 4.2 ± 3.3 (range: 0-10) and 3.9 ± 1.3 (range: 1.29-6.50), respectively. Patients were divided into four groups according to DAS28: five in the remission group (DAS28 ≤ 2.6), nine in the mild group (2.6 < DAS28 ≤ 3.2), 19 in the moderate group (3.2 < DAS28 ≤ 5.1), and seven in the severe group (5.1 < DAS28).
The mean age of the healthy controls was 53 ± 12.3 years (range: 28-76 years), and the control group was comprised of 12 males and 28 females.
A comparison of cytokine levels at baseline
The serum concentration of IL-6 was 41.76 ± 20.28 pg/mL (range: 18.0-109.1 pg/mL) in the patient group and 6.56 ± 5.33 pg/mL (range: 0-16.55 pg/mL) in the control group. The serum concentration of IL-11 was 378.32 ± 230.31 pg/ mL (range: 45-900 pg/mL) in the patient group and 102.43 ± 101.72 pg/mL (range: 0-375 pg/mL) in the control group. The serum concentration of LIF was 57.44 ± 33.82 pg/mL (range: 1.3-120.3 pg/mL) in the patient group and 10.38 ± 7.46 pg/mL (range: 0-25.8 pg/mL) in the control group. Serum concentrations for all three IL-6 family cytokines were significantly elevated in the patient group compared with those of the control group (p < 0.001) (Fig. 1) .
Relationship of baseline cytokine levels to disease activity
At baseline, serum concentrations of IL-6 showed a significantly positive correlation with CRP levels (r = 0.45, p = 0.007) ( Fig. 2A ), but not with DAS28 (r = 0.28, p = 0.102), or pain VAS (r = 0.04, p = > 0.807). Serum concentrations of IL-11 and LIF were not significantly correlated with CRP levels, DAS28, or pain VAS ( Table 2 ). The IL-6 family cytokines showed significant correlations with each other at baseline (Fig. 2B, C and D) .
In subgroup analysis, serum concentrations of IL-6 were
The serum concentration of IL-6 was determined based on a standard concentration curve. The correlation coefficient (r) of the standard concentration curve was 0.990. The IL-11 and LIF ELISA kits were purchased from R&D Systems, and serum concentrations of each cytokine were determined using similar methods. The respective correlation coefficients (r) were 0.993 and 0.999 for IL-11 and LIF.
Statistical analysis
Data analyses were performed with SAS version 9.1 (SAS Institute Inc., Cary, NC, USA). All of the descriptive variables were expressed as the mean ± standard deviation. The intergroup analysis of cytokine levels was performed using the Student's t-test and Chi-square test. The correlations among the concentrations of each cytokine, DAS28, pain VAS, and CRP level were tested using Pearson's correlation test. The subgroup analyses of serum cytokine concentrations from the four disease activity subgroups were performed using one-way ANOVA and Tukey's post-hoc analyses. Eight weeks after treatment, the follow-up measurement of cytokine levels was performed using a Paired t-test. For all tests, a p value less than 0.05 was considered statistically significant.
RESULTS
Clinical characteristics of the study subjects
The demographic and clinical data of the subjects are shown in Table 1 . The mean age of the 40 patients with RA was 54.7 ± 14.4 years (range: 19-83 years), and the patient group was comprised of 13 males and 27 females. The mean disease duration from symptom onset was 63.6 ± 95.2 months (range: 2-360 months). The mean pain VAS and DAS28 of ly cytokines depend on the clinical course in patients whose DAS28 exceeded 5.1, the serum concentrations of IL-6 family cytokines were measured again after eight weeks of treatment with disease-modifying anti-rheumatic drugs (DMARDs). Five out of seven patients with high initial DAS were tested again and two patients were lost during the follow-up period. Five patients who had high disease activity showed decreased DAS28 of less than 5.1 after the eight-week treatment. The mean DAS28 was 6.01 ± 0.48 at baseline, and 4.12 ± 1.22 at the eight-week follow-up. The decrease in DAS28 was statistically significant based on the results of a Paired t-test (p = 0.013). Serum concentrations of IL-6 (p = 0.047) and IL-11 (p = 0.011) were also significantly decreased after the eight-week treatment period, though serum concentrations of LIF did not significantly differ from baseline after treatment (p = 0.480) ( Table 4 ).
DISCUSSION
The current study showed that serum concentrations of IL-36.3 ± 7.2 pg/mL in the remission group, 49.6 ± 30.8 pg/ mL in the mild group, 35.0 ± 12.8 pg/mL in the moderate group, and 58.9 ± 25.0 pg/mL in the severe group. The differences among the four groups were statistically significant (p = 0.048), but this was not confirmed by post-hoc analysis. Serum concentrations of IL-11 were 494.0 ± 333.3 pg/mL, 396.1 ± 228.4 pg/mL, 357.0 ± 243.3 pg/mL, and 318.6 ± 103.4 pg/mL in the corresponding group order from mildest to most severe. Serum concentrations of IL-11 were not significantly different among the four groups (p = 0.609). Serum concentrations of LIF were 41.2 ± 37.6 pg/ mL, 85.3 ± 25.6 pg/mL, 53.2 ± 31.7 pg/mL, and 41.1 ± 28.4 pg/mL, in the remission, mild, moderate, and severe groups, respectively. There was a significant difference in the serum concentrations of LIF between the mild and severe group (p = 0.023), with serum concentrations of LIF significantly higher in the mild group (Table 3) .
Changes in concentrations of IL-6 family cytokines after treatment
To examine whether the serum concentrations of IL-6 fami- 
DAS28, disease activity score 28; IL, interleukin; LIF, leukemia inhibitory factor. Remission group, DAS28 ≤ 2.6; mild disease activity group, 2.6 < DAS28 ≤ 3.2; moderate disease activity group, 3.2 < DAS28 ≤ 5.1; severe disease activity group, 5.1 < DAS28. *Tukey's post-hoc analysis was used. †
The same letters indicate non-significant difference between groups based on Tukey's multiple comparison test. ed a small number of patients and the types of drugs taken by the patients were not assessed. These factors might reduce statistical significance. DMARDs can reduce the concentrations of IL-6 family cytokines; 26 therefore, further study is warranted to accurately compare the correlation between disease activity and the concentrations of cytokines, with consideration for the effects of the drugs in a larger patient population.
However, the most interesting finding in the current study was that serum concentrations of IL-6 family cytokines decreased significantly after treatment in patients with high disease activity. We investigated the changes in cytokine levels associated with changes in disease activity before and after treatment for patients with high disease activity. We further investigated whether IL-6 family cytokines levels can change and found that the concentrations of IL-6 and IL-11 significantly decreased as DAS28 decreased (Table  4) . Although cross-sectional analysis did not document a significant correlation between disease activity and cytokine concentration, the change in the concentration of cytokines correlated well with the clinical course in patients with high disease activity. This finding suggests that the levels of these cytokines could reflect the disease activity.
IL-6 family cytokines have pleiotropic activities in inflammatory response. 13 IL-6 might have dual roles in inflammation; pro-inflammatiory 27, 28 or anti-inflammatiory, 29 and it is thought to be partly determined by concentration of soluble IL-6 receptors. 30 IL-11 also might have pro-inflammatory 31 and anti-inflammatory 32 activity, even though the mechanism is obscure. In this study, IL-6 and IL-11 levels decreased by treatment, but the level of LIF did not. This result might be another example of dual effects of IL-6 family cytokines with unique characteristics to LIF which would require further investigation with a large number of subjects.
In summary, we found the serum concentrations of IL-6 family cytokines were significantly increased in patients with RA compared with those of normal controls. The cytokine levels were not significantly correlated with RA disease activity in a cross-sectional analysis at baseline. But serum levels of IL-6 correlated with CRP levels, and follow-up measurements of cytokine levels in patients with high disease activity showed that the levels of IL-6 and IL-11 decreased as symptoms improved. These findings suggest that IL-6 family cytokines might be involved in the pathogenesis of RA and that levels of IL-6 family cytokines might reflect the activity of the disease. 6, IL-11, and LIF were significantly elevated in patients with RA compared to those in healthy controls. As seen in previous reports, this finding supports the hypothesis that IL-6 family cytokines are involved in the pathogenesis of RA. [13] [14] [15] [16] IL-6 is a cytokine that causes an acute inflammatory response, and it is well-documented that IL-6 plays a crucial role in the pathogenesis of various inflammatory diseases including RA.
6,7 IL-11, one of the IL-6 family cytokines, is found in high concentrations in the synovial membrane, synovial fluid, and serum of patients with RA, and it is also thought to be involved in the pathogenesis of RA. 21 According to studies where the immunological role of IL-11 in RA was examined, IL-11 was shown to mediate an anti-inflammatory response by inhibiting the activity of macrophages and thereby diminishing the production of proinflammatory cytokines, such as TNF-α, IL-1β, and IFN-γ. 22 However, according to Phase I and II clinical trials where recombinant IL-11 was administered to patients with RA, IL-11 did not affect the clinical course. 23 There is still a controversy as to the role of IL-11 in the pathogenesis of RA.
It has also been reported that LIF is found in high concentrations in cartilage and synovial fluid of patients with RA. 16 IL-1 and TNF-α mediate the secretion of LIF through chondrocytes, and LIF contributes to cartilaginous destruction by inducing the absorption of proteoglycan in patients with chronic arthritis. 24, 25 In addition to these previous observations, the significant increase in the IL-6 family cytokines observed in the current study indicates that these cytokines might play a role in inducing inflammatory responses or mediating anti-inflammatory responses in the pathogenesis of RA.
However, the only positive correlation was found between serum concentrations of IL-6 and CRP levels at baseline. We could not find any other significant relationships between the cytokine levels and the clinical parameters that reflect RA disease activity at baseline. This may be explained by the difference of involvement of the IL-6 family cytokines in the local and systemic reactions; in the synovium and serum. A previous study has shown that the concentrations of IL-6 family cytokines can be measured in both the serum and synovium of patients with RA, but these cytokines are mainly involved in the local reaction. 14 In the systemic circulation, this may be the reason that increased serum concentrations of cytokines do not significantly correlate with disease activity.
In addition, the current study was limited; it only includ-
